INTRODUCTION
Abrasive water jet machining (AWJM) is one of the economical unconventional machining processes and it gives better accuracy and surface finish. The main advantages of AWJM process are the higher amount of material removed, high flexibility, least amount of cutting force and thermal stresses are developed during machining of materials [1] . Surface quality variations and machining behaviors were analyzed during the water jet machining process [2] . AWJM is one of the cost effective methods and it is used to cut hard mate-rials. Brass and its alloys play a vital role in industries due to its excellent properties such as strength, hardness, higher plasticity and corrosion resistance [3, 4] . The experiment was designed by the Taguchi technique which offers a simple, capable and systematic advance to conclude optimal contribution parameters [5] . Minimization and maximization quality characteristics were depending upon the signal to noise ratio [6, 7] . The phase behavior and grain refinement were studied in Cu-Zn alloy [8] . The process parameters, namely traverse speed, abrasive mass flow rate, standoff distance and water pressure and its effect on surface quality were studied [9] [10] [11] . Taguchi technique and analysis of variance (ANOVA) were used during abrasive water jet machining of graphite/epoxy laminates, and it conc-luded that standoff distance has the most significant influence on surface roughness [12] . By using Taguchi method the optimized cutting parameters were found in hard turning of steels with ceramic tools [13] . In Taguchi method, for three control parameters L 9 orthogonal array was considered [14] . Taguchi based parametric optimization was carried out using abrasive water jet machining of different materials such as Stainless Steel [15] , 6063-T6 aluminum alloy [16] Mild Steel [17] , polyester hybrid composite [18] , Inconel 718 [19] , Inconel 800H [20] .
In this paper, stir casting technique is used for fabricated work material such as α-β brass and the material characterization is investigated with the Scanning Electron Microscope (SEM) and Energy Dispersive Analysis of X-rays (EDAX). The stir casted α-β brass is machined by abrasive water jet machining process. The material removal rate and surface roughness are considered as the important performance measures in various industrial applications. Parametric optimization and the effects of water pressure, traverse speed, abrasive flow rate on material removal rate and surface roughness are analyzed by Taguchi method.
MATERIALS FABRICATION AND CHARACTERIZATION
The work material α-β brass was fabricated through stir casting technique. The billet of copper and zinc is placed into the graphite crucible and it was preheated at 480°C for 45 minutes before melting to formulate their surfaces oxidized. By diffusing 40 weight percentage of zinc in 60 weight percentage of copper melted at 1200 °C. The muddle is stirred continuously. The uniform mixing was ensured by stirring system with 700 rpm speed. The slurry was poured in a cast iron mould to obtain standard specimens of size 100 x 50 x 10 mm. The composition and content was ensured by Energy Dispersive Analysis of X-rays which is shown in Fig.1 . The morphology of the α-β brass was studied with the SEM shown in Fig. 2 . From the image it is obvious that α and β phases are produced by stir casting method. It is examined that the zinc was dissolved in the copper during stir casting process. The distribution of zinc in the copper is consistent and it was attained by the uniform of stirring process.
EXPERIMENTAL DETAILS
Parameters were selected based on the literature review. These three parameters only have provided maximum contribution effect while machining of α-β brass The levels of parameters are represented in Table 1 .
The machining (drill 6 mm diameter holes) operation was performed by using AWJM. Three input parameters were selected, namely water pressure, traverse speed and mass flow rate. The response parameters such as Material Removal Rate (MRR) and Surface Roughness (SR) were measured. The surface roughness is measured by Mitutoyo Talysurf-SJ-201 surface tester. The properties of α-β brass is evaluated and listed in the Table 2 . Brinell hardness testing machine, Universal testing machine and Charpy testing machine are used to find the material properties. Archimedes principle is used to find the density of the material.
RESULTS AND DISCUSSION
The responses such as MRR and SR of the holes were evaluated by varying the control parameters. These two responses are very important for machining of any materials [21] . The drilling operation was completed according to L 9 orthogonal array [22] . Table 3 shows the abrasive water jet machining experimental layout and its results. The loss of mass is measured before and after each machining operation which provides net MRR.
Taguchi parametric optimization
The L 9 orthogonal array is used to offer the improved features, and decrease the number of experimentations. In this experiment, three control parameters were used with three levels, namely low, medium and high. Taguchi technique is extensively used to attain the quality optimization in many industries. The assessment of quality characteristics is completed through S/N ratio.
S/N ratio analysis for MRR
The signal to noise ratio (S/N ratio) is the most significant factor to forecast the optimal outcome. The essential output characteristics were considered by S/N ratio whether it must be minimum or maximum as per their experimentation [6] .
In this experimentation, maximum MRR and minimum SR of the holes were considered. Hence, larger the better criteria is selected for MRR and smaller the better criteria is selected for surface roughness of the holes. Mean of S/N ratio for MRR is listed in the Table 4 . Figure 3 shows that the main effects plot for various levels of the parameters for MRR. To attain highest MRR, larger the better criterion was chosen. Hence the optimal level of parameter A 3 B 3 C 3 was selected from the S/N ratio graph as shown in Fig.3 . 
Signal-to-noise: Larger is better

Figure 3. Signal to Noise ratio graph for MRR
The optimal combination values for material removal rate are water pressure of 3000 bar, Traverse speed of 100 mm/min and abrasive flow rate of 200 gm/mm.
In the present study ANOVA is used to find out the influence of contribution process parameters such water pressure, traverse speed and mass flow rate on the responses such as material removal rate and surface roughness during machining of α-β brass which was produced through stir casting technique. Table 5 shows the results of ANOVA for MRR. It is consummated that, the water pressure is the leading contributing factor of influence on the material removal rate. Figure 4 shows that interaction of water pressure, traverse speed and mass flow rate for the response material removal rate. It is observed that, water pressure is most contributory factor which affects the material removal rate. 
S/N ratio analysis for surface roughness
Since require minimum surface roughness of the holes, smaller the better characteristic is considered. Signal to noise ratio was computed for minimization quality characteristics of output response such as surface roughness. Response values for S/N ratio are given in Table 6 . To accomplished minimum surface roughness of the holes, smaller the better condition was chosen. Hence the optimal level of parameter A3 B3 C3 was selected from the graph as shown in Fig. 5 . The optimal values for circularity of the holes are water pressure of 3000 bar, Traverse speed of 100 mm /min and abrasive flow rate of 200 gm/mm. Table 7 shows the results of ANOVA for surface roughness of the holes. It is consummated that, the water pressure is the leading factor for influence on the response such as surface roughness with R-squared values greater than 90. Figure 6 shows the interaction of traverse speed, mass flow rate and water pressure for the response as surface roughness of the holes. It is perceived that the most governing factor is water pressure among all control factors, and water pressure has a more interaction effect on surface roughness of the holes. A mathematical model was generated for abrasive water jet machining of α-β brass and it is used to forecast the responses such as material removal rate and surface roughness. Figure 7 shows the contour plots for MRR. Figure 7(a) shows the higher MRR has been achieved when the range of water pressure is 2800 -3000 bar and abrasive flow rate is 140-180 gm/min. Figure 7(b) shows the higher MRR has been achieved when the abrasive flow rate is 160-200 gm/min. Figure 7 (c) shows the higher MRR has been achieved when the traverse speed is 100mm/min and water pressure is 3000 bar. The higher amount of material removal rate is attained by increase the water pressure. Figure 8 shows the contour plots for surface roughness of the holes. Figure 8(a) shows the minimum surface roughness of the holes has been obtained when the range of the water pressure is 2000-2200 bar. Figure  8(b) shows the minimum surface roughness of the holes has been achieved when the range of abrasive flow rate is 100-200 gm/min. Figure 8(c) shows that the minimum surface roughness of the holes can be achieved with the gradual difference between traverse speed and abrasive flow rate. 
CONTOUR PLOT ANALYSIS
CONCLUSIONS
After successful completion of all experimental analyses, the following conclusions were drafted • The work material α-β brass was successfully fabricated by stir casting technique.
• The morphology of the α-β brass was deliberated through SEM and composition was confirmed through EDAX.
• The stir casted α-β brass was successfully machined by AWJM process.
• The Taguchi methodology applied was it feasible.
The optimal solutions were found out and proven by Taguchi method and its listed below; (i) Water pressure = 3000 bar, (ii) Traverse speed = 100 mm/min, (iii) Abrasive flow rate = 200 gm/mm.
• From analysis of variance, the water pressure is the foremost factor to affect the responses such as MRR and surface roughness of the holes.
• The interaction between control parameters and response parameters were studied through contour plot analysis.
• The results proved that the Taguchi analysis is accurate and the developed mathematical model will be used in any industrial environment.
